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detected on the Intemational Space 
Sta tion (ISS) 
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> 2011 Workshop atj SC reviewed cutting 
edge technology (NASA/CP-2012- 
217460, 2011) 
» Environmental Microbiology 
= Infectious Diseases/Pathogens 
= Food and Water Safety 


> Workshop determination 
= Replace orsupplement current 
culture based practiceson ISS 
= Selected molecular based 
quantitative Polymerase Chain 
reaction (qPCR) 
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> Molecular-based technology 

= Polymerase Chain Reaction (PCR) 

= Real-time quantification and 
charactenzation 

» Identifiesspecific targets 
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= Rapid assessment of the environment 

= High reproducibility and accuracy 

= Low detection limits on culturable and 
unculturable microbes 


> Utilize COTS PCR units 
= Operational in microgravity 
= Meet ISS interface and safety conditions 


Polymerase Chain Reaction: PCR 
as 


4 94°C (4m) 


Denaturation 
Separates DONA strands 
qe LLL Lit ibiiiiit -- separates DNA strand 
} 54 to 64°C 
F (15s-Tir) 


Poriaed Pere Probe Ripe sn Perret Annealing 
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Tn complementary DMA template 


Extension 
Polymerase extends primer 
fo form nascent DNA strand 


Exponential Amplification 
a cycles = 2 billion copies 


4g, Benefits of Molecular-based 
~ Methods 
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> Requires collection of samples on onbit and 
transportation back to ground 


> Disadvantagesto current detection methods 
sian © ato 0} (=a KOM OX=10(0) 400010) (@1 Gm(=1il-1e)(-mel-t-voulelamela 
fovreyie 
» Lengthy sampling intervals 
in ilaliaate sm ek=alejicer- hue) emery er-) e)||lu(oxs 
= Can failto detect orcharactenze all cells 
el(sssctale 


> Develop a rapid microbial identification system 


SB Purpose and Benefits 


Reduce crew time & expedite operational decisions 
Provide an in-flight microbial identification system 
Tated (ok- ks sis aaleyayixelelale me) men(=n)’malcr-n ian 

Monitor air, water, food, & surfaces for potential 

ex healelersyars 

A\ckORU(en=me) =) llaallatoRU= (=i) alensmel ame |celelalem—oulelerelie 
Provide an independent system for long-term space 
liltenale 

Provide flexibility 

= development of customized speciesspecific assays 
Determine viability with RNA possible 


> Fin 


a COTS, PCR instrument 
Effective in microgravity 
Compact 

Wo)\erey= 

Identify to species level 
Live vs Dead cell via RNA 
Quantitative 

Easy to use and interpret data 
Real-time information 

Short time from sample to answer 
Work with multiple sample types 
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> RAZOR EX, BioFire Defense, Inc, wastested & integrated asone of three 201 5 


developed asan SBIR with DoD 


DEVELOP | FLY | EXPLORE 


> Completed engineenng/safety evaluations and launched to ISS, SoaceX-9, J uly 2016 


Goals of Tech Demonstration 
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Polymerase Chain Reaction (qPCR) validation using a 
commercial off-the-shelf system 


> The proposed technology demonstration on ISS wasaimed 
at detemining: 
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2. If gPCRtesting dunng a flight operation yields results 
similarto those from a controlled expenment on Earth, 
thereby validating the instrument for potential use as 
a monitonng tool aboard the ISS. 


3. Develop a CONOPS for water testing 
4. Venfy that qPCR Is successful using ISS watersamples 
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> BioFire Defense, RAZOR EX Pseudo LO!” 
» Uses raw or prepared samples : 
= Pouch system contains customizable, optimized 
freeze-dried reagents 
» Pseudomonas aeruginosa 
=» 5 varying concentrations 
=» Sample to answer in approximately 1 hour 


foysme@)ae)ii Molecular OTailiccace| Filtered 
Operations Grade Water | PWD Water PWD Water 
September 20, 2016 


September 22, 2016 
October 3, 2016 


Top Of List 


October 18, 2016 
November 22, 2016 Pseudo 1@°2 detected 


December 14, 2016 X Pseudo 102 detected 


January 17, 2017 X Pseudo 1@“2 detected 
March 14, 2017 


Average Ct Comparison 
Ground vs Flight - DI Water 


Amplification Curves 


AVERAGE Ct VALUE 
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DNA CONCENTRATION (ng) 
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Average Ct Comparison 
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Average Ct Companson - Potable Water 
Flight Samples 


DNA CONCENTRATION (ng) 
mPWD-UF m=PWD-F 


Average Ct Comparison 


Re SU ics Ground Samples 
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DNA CONCENTRATION (ng) 


=G-DI =G-PWD-UF =G-PWD-F 


Average Ct Comparison 
Flight Samples 


AVERAGE Ct VALUE 
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DNA CONCENTRATION (ng) 


=F-DI = F-PWD-UF F-PWD-F 


&% Conclusions 
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> Microbial Monitor is the first device to successfully and accurately perfom 
quantitative PCR using ISS watersamplesin the microgravity environment of 
space providing a fast sample to answer. 


> The residual chemicalsin the potable waterhad no effecton the PCR 
chemistry 
=» There wasno difference between the molecular grade waterand the ISS 
potable water 
=» There wasno difference between the filtered and unfiltered ISS potable 
watersamples 
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&% What is proposed for future work 7 
a “with the Microbial Monitonng System 
> Optimize additional assays for real-time detection 


yan DI=NV{=1 (0) om aal=healelelsne)m>- a0) e)iiale m-hereniu(elar-im=yanvaicolalaa(=s ales 
on ISS, i.e. Air, surfaces, food 


> Equate genetic equivalents to colony forming units (C FU) 
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investigations 
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' . \ a Thomas Pesquet®@ @Tho 
é We don't at — to proliferate on 
He g an G 0) d frey Iwant to say how fantastic the ISS! We clean it carefully but we also 
WAVAll Ife ‘an mlara aaa a procedures are and how easy thisis a growth in water and on 
to use. It isphenomenal that you ipwen 
Susa Nn Ha nley have taken a piece of commercial 
, : hardware and ... made it work in 
J oseph Be ‘alte aaa space the first time and is very user 
friendly. I think this isgoing to bea 
Ray Wheeler fantastic capability forthe space 


station. 


-Kate Rubins, Ph.D. 


